Introduction
An estimated 36.9 million people are infected with human immunodeficiency virus (HIV) worldwide, and transmission in Zimbabwe and sub-Saharan Africa is mainly through heterosexual contact. 1 Significant advances have been made with advent of antiretroviral therapy (ART); hence, acquired immuno deficiency syndrome due to HIV is now manageable as a chronic disease in patients who have access to medication and who achieve durable viral suppression. 2, 3 However, metabolic abnormalities, including dyslipidemia, insulin resistance, diabetes, hypertension, and long-term risk factor of coronary heart disease (CHD), have been widely reported. 4 Studies have shown that progression of HIV infection is associated with decreases in total cholesterol (TC), high-density lipoprotein (HDL), and low-density lipoprotein submit your manuscript | www.dovepress.com
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Zhou et al (LDL) and an increase in triglycerides, and these effects are reversed by ART. 4, 5 In addition, patients on ART are exposed to different types of dyslipidemia, which could put them at risk of developing CHD due to fat redistribution and alterations in plasma lipid and lipoprotein concentration. 6, 7 On the other hand, studies done in sub-Saharan Africa have provided conflicting evidence of any association between ART and increased risk of CHD via lipid elevations and hypertension, while studies that describe changes over time are few. 8, 9 Traditionally, CHD risk has been associated with diabetes, dyslipidemia, high blood pressure, hypertension, obesity, smoking, sedentary lifestyle, family history, and anthropometric measurements. 10 Recent research indicates that inflammatory processes are also involved in the pathogenesis and progression of CHD through endothelial dysfunction and injury. [11] [12] [13] Proinflammatory cytokines have been associated with progression and severity of HIV infection, 14, 15 and inflammatory parameters of interleukin-6 and d-dimer have been linked to increased risk of myocardial infarction in HIV patients. 16 CHD risk profiles due to HIV or ART may vary in different countries and regions of the world because of different diets, genetics, and lifestyles; hence, extrapolating from one region to another is problematic. 17 Studies from developed countries have shown high risk of CHD in HIV patients, irrespective of ART exposure or type of ART, yet sub-Saharan and Zimbabwean longitudinal studies on CHD risk remain few. 18 The aim of this longitudinal study was to describe and explain changes in CHD risk markers over a 9-month follow-up period in ART + and ART -patients based in Harare, Zimbabwe. Results could be of interest, informing clinicians and policy makers about the need to monitor and manage CHD risk in HIV population.
Materials and methods
Ethical considerations
Ethical clearance was given by the Joint Research Ethics Committee, Zimbabwe, Medical Research Council of Zimbabwe and Research Ethics Committee, Norway, 19 and the study was carried out according to ethical principles of the Declaration of Helsinki. Patients gave written consent after being informed about the study procedures together with the potential benefits and risks. To ensure confidentiality and privacy, samples and data were assigned numerical identifiers. The research was purely observational, and researchers were not in any way involved in clinical decision making. 19 Hence, ART-negative patients were free to start ART over the course of study as recommended by clinicians, while those on ART could switch drugs as and when necessary, according to Zimbabwean guidelines for treatment of HIV patients.
To avoid losing useful data, patients with most relevant data were retained and those who had changed ART groups were classified by intention-to-treat approach, 19 while statistical methods were selected to minimize type I error due to cautious approach and to allow for the greatest generalizability. 20 
Study site and study patients
This observational longitudinal prospective cohort study over 9 months was carried out at an urban HIV Treatment Clinic in Harare, Zimbabwe, targeting patients from disadvantaged communities as described at baseline. 21 The clinic does not offer routine monitoring of lipids but does periodically monitor body mass index (BMI), blood pressure, CD4 count, and viral load. Study participants were documented HIV-positive patients who had been attending clinic in Harare, and those on ART had been on treatment for an average of 1 month at baseline as described earlier.
21 Figure S1 shows the recruitment and follow-up of HIV-infected adult patients. Out of 250 adult patients initially approached at HIV clinic, 215 patients had complete demographic, anthropometric, and lipid profile data, 45 patients were lost to follow-up or died during the period, and finally 170 patients were followed up and included in the study. There was no difference in demographic characteristics of the patients for age, sex, ART exposure, and ART groups, at baseline and follow-up, respectively.
Study variables
Stored serum and plasma samples, collected at recruitment and follow-up, were thawed once at room temperature; serum lipid analysis was carried out on a Mindray ® BS 120 (Mindray Medical International, Limited; Shenzhen, China) automated biochemistry analyzer as described in prior reports. 19, 21 Inflammatory markers (myeloperoxidase [MPO] ) and highly sensitive C-reactive protein (hsCRP) were analyzed by manual enzyme linked immunosorbent assay (ELISA) and by an automated Diazyme ® machine (Siemens ® Healthineers Global, Erlangen, Germany), respectively, as described in their respective baseline reports. 22, 23 Plasma viral loads were determined using absolute quantification by digital polymerase chain reaction (PCR) methods on a Roche LightCycler ® 480 System (Roche Diagnostics, Mannheim, Germany), while plasma CD4 counts were determined by Partec CyFlow ® machine (Sysmec Partec Company, Görlitz, Germany) at clinic laboratory on samples collected within 6-9 months of baseline data collection. Nadir CD4 counts were available for a subgroup of patients.
The Framingham risk online calculator was used to estimate the CHD risk of patients at baseline and follow-up. 
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Zhou et al were categorized into low, medium, and high as described earlier. 20 MPO ≥170 AAU/L was considered for high CHD risk, 22 hsCRP cutoff was set at 3 mg/dL, 23 25-28 Viral loads were classified as undetectable (for values below the clinic cutoff value of 37 copies/mL), 38-100 copies/mL, 101-500 copies/mL, 501-1,000 copies/mL, and >1,000 copies/mL. HIV patients with HIV RNA <1,000 copies/mL were classified as suppressed, according to WHO guidelines. 25, 27 Outcome variables for analysis were lipid levels (TC, HDL, LDL, and TC/HDL ratio), MPO, hsCRP, and Framingham risk scores. Exposure variable was ART experience (comprising ART − and ART
+
). Outcome variables were tested for independent variables, such as age, sex, monthly earnings, and changes in BMI, systolic blood pressure (SBP), diastolic blood pressure (DBP), duration of HIV diagnosis, duration of ART, viral load at follow-up, and CD4 count.
Data analysis
Data were analyzed using Stata ® version 13.0 (StataCorp LP, College Station, TX, USA). Normally, distributed variables were summarized using mean and standard deviation or mean and standard error at 95% confidence interval, while nonGaussian variables were summarized using median and interquartile ranges. Baseline categorical demographic data were compared using Pearson's chi-square tests, while continuous data were compared using Student's t-test for two group means and one-way analysis of variance with Bonferroni adjustments for multiple testing, for data involving three or more groups. Statistical significance was set at two-sided level of P<0.05 for two group comparisons, adjusted to <0.02 for three group comparisons, and <0.01 for four group comparisons.
Baseline and follow-up data were compared using paired Student's t-tests or paired chi-square tests, as appropriate. However, due to the presence of both between-subject and within-subject effects, statistical analysis for mean difference in baseline and follow-up levels for lipids, MPO, and Framingham risk scores assumed a repeated measures experiment, and data were tested using mixed models for panel data. Mixed-effects modeling comprising pooled, fixed, and random effects was applied, in sequence, to try to explain changes in CHD risk-dependent variables (TC/HDL ratio, Framingham scores, and inflammatory markers) over time. Postestimation tests for the most suitable model for each dependent variable included the Breusch and Pagan Lagrangian multiplier test for random effects and Hausman tests for fixed effects 29 from which it was determined that most appropriate model for all dependant variables was generalized least squares randomeffects model, hence beta coefficients for that model were adopted as effect sizes for the interpretation of results.
Explanatory variables included age, sex, baseline monthly earnings, BMI, SBP, DBP, duration of HIV diagnosis, duration of ART, log-transformed viral load at follow-up, and CD4 count. Changes in time-variant data (dependent variables, BMI, SDP, DBP, and CD4) were specified in the Stata ® commands for reshaping wide data to long data, where the first measurement was baseline data and the second measurement was follow-up data, except for CD4 (where the first value was nadir CD4 and the second value was follow-up measurement).
Results
Cohort comprised 170 HIV patients measured for lipid levels, DBP and SBP, MPO, hsCRP, BMI, CD4 counts, and Framingham CHD risk profiles at least twice, except for viral load, which was measured once, 6-9 months after recruitment (Table  1 ). There were 215 participants at recruitment ( Figure S1 ) with the mean age of 41±10 years; 145 (78%) of them were female, and 14% of them were ART naïve ( Table 2 ). The attrition rate was 20.9%: five (2.3%) patients died due to acquired immunodeficiency syndrome-defining illnesses, seven (3.2%) patients transferred from the clinic, 24 (11.2%) patients were lost to follow-up at the clinic for unknown reasons, and nine (4.2%) patients had incomplete follow-up data necessary for analysis. 19 Finally, 170 HIV positive patients were back to be included at follow-up with the mean age of 40±10 years; 79% were female, and only 6% were ART naïve. There was a notable decline in the proportion of ART-naïve patients from 14% at baseline to 6% at follow-up, P<0.05 (Table 2) .
Baseline characteristics for all 170 patients followed up are shown in Table 1 and were not stratified by ART exposure due to low numbers of ART-naïve patients at follow-up. Eight (4.7%) patients were underweight, and 66 (38.8%) patients were overweight; 48.8% (n=83) of the followed-up patients had nadir and study baseline CD4 counts: 73 (87.9%) patients had immune suppression measured by nadir CD4 counts <350 cells/mm 3 , and 32 (38.6%) patients had study baseline CD4 counts <350 cells/mm 3 , showing CD4 count recovery, as the proportion of patients with CD4 counts above the 2010 WHO threshold increased over time. 25 Baseline results for inflammatory markers MPO and hsCRP showed that 91% and 
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Of the 45 patients lost to follow-up, 18% (n=8) of patients were ART naïve at baseline, and 82% (n=37) of patients were ART experienced at baseline. Though 123 of the 170 patients had not changed ART at follow-up, 33 (20%) of them had changed drugs at the time of follow-up, and 14 (8%) of the ART-negative patients had started ART. Hence intention-to-treat approach was used to classify patients by ART experience during longitudinal analysis. 19 There was no difference between baseline and follow-up cohorts in terms of demographics (Table 2) . However, when baseline means or medians were compared with respective follow-up data for DBP, SBP, CD4 count, MPO, hsCRP, TC, TC/HDL ratio, and Framingham risk score, there were significant differences. Most ART + patients were on nevirapine (NVP)-based first line (63% at baseline and 57% at followup), while 11% at baseline and 15% at follow-up were on efavirenz-based first-line ART (Table 2) .
Six-month viral load test results were available for 158 patients, 75% of them had undetectable viral loads (either <37 copies/mL or below the lower limit of detection at the clinic), while 80% of them had suppressed viral loads (<1,000 copies/mL). For detailed longitudinal analysis, wide data were converted to long format using Stata ® , and data were strongly balanced. 27 Summary of panel data demonstrated the presence of marked differences in values of between-patient and within-patient variances in time-variant data. Of note are observations that between-patient and within-patient standard deviations as well as variances differed for TC, HDL, LDL, CD4 count, BMI, hsCRP, MPO, SBP, and DBP.
Patients were subsequently grouped by ART exposure status, and random-effects modeling gave insight into the relationships of risk factors of CHD with various explanatory variables. For example, TC increased by 13.3 mg/dL over 9 months in ART − but decreased by 33.4 mg/dL in ART + , and changes were positively correlated with log 10 viral load in the ART naïves and positively correlated with age in 
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Zhou et al ART-experienced patients. HDL increased by 6.9 mg/dL in ART-naïve patients, and increase in HDL was associated with young age, low BMI, and low SBP. There was slight change in HDL in ART-experienced patients, which did not reach statistical significance. LDL did not change significantly over time of study but was positively correlated with male sex in ART-naïve patients and positively correlated with log 10 viral load in ART-positive patients. MPO was not correlated with either Framingham risk scores or TC/HDL ratio but was correlated with low BMI in ART-negative patients and with high LDL in ART-experienced patients. Framingham risk scores did not change for ART-naïve group. In ART + group, an increase in 10-year calculated Framingham risk score was positively associated with age, TC/HDL ratio, and SBP. It is important to note that independent explanatory variables tested for did not fully account for observed changes.
Discussion
Participants of this longitudinal study have been fully discussed elsewhere. 19, 21 Briefly, at recruitment, most participants (40%) were in the age range 39-49 years, hence the mean age was in the mid-forties with a large standard deviation due to the wide age range (18-68 years). The population had an overrepresentation of females, with 22% males. Retention for further participation was quite high (80%), most likely explained by the high standard of care and regular clinic visits at the HIV clinic, involvement of clinic staff in reminding patients about the value of follow-up, timing of follow-up, and data collection, which was done during routine patient visits. 19 There was a decline in the proportion of ART-naïve patients from 14% at baseline to 6% at follow-up, which can be explained by mistiming of clinic visits as ART-naïve patients returned less frequently for visits than the ART-experienced patients.
There was also a low death rate, as only 3% of patients (n=5) demised before 9 months follow-up. Death rate is markedly less than earlier reported from Zimbabwe; a 15% death rate was reported in an earlier study of Zimbabwean patients attending the DART study, 30 while a 7.5% death rate was reported from a 5-year cohort study of mother-baby pairs in peri-urban Harare pre-ART. 31 This reduction in the number of deaths points to the improvement of care and treatment of HIV-infected patients compared to early days of HIV and ART. [32] [33] [34] Only 83 patients had both nadir and baseline CD4 counts, 12.1% of the patients had nadir CD4 counts >350 cells/mm 3 , 61.5% of the patients had baseline CD4 counts >350 cells/mm 3 , and 69.5% of the patients had desirable CD4 counts >350 cells/mm 3 at follow-up. There may be different reasons for changes in CD4 cells. Many patients started ART before 2011 when cutoff for starting ART was 200 cells/mm 3 , hence only 12% of the patients had nadir CD4 counts >350 cells/mm 3 threshold. 27 Furthermore, many patients recovered immune function, hence there was significant difference between average nadir CD4 and average CD4 cells at study follow-up (P-value <0.0001). CD4 cell count recovery is important to protect against long-term HIV-induced complications such as cardiovascular disease. 35 Of late, WHO recommends that all HIV-positive patients should be treated with ART independent of their CD4 value. 27 In agreement with latest WHO guidelines from 2013 for early initiation of ART, Zimbabwe ART guidelines of 2015 26 project that the percentage of patients with CD4 accounts below 2013 WHO threshold 27 for ART, are higher than for 2010 threshold 25 for all three time points (nadir, study baseline, and study follow-up), indicating that more patients will require ART in response to those guidelines. Interestingly, in our study, there was no correlation between the CD4 cell count and risk of CHD measured by Framingham risk score.
Approximately 4.7% of the patients in our cohort were underweight (BMI <18.5 kg/m 2 ) and 38.8% were overweight (BMI ≥25.0 kg/m 2 ) ( Table 1) . Results of the current study contrast with report from Dar es Salaam in Tanzania, in which the proportions of underweight and overweight were 28% and 15%, respectively, at study baseline. 36 Reasons for differences are not immediately clear as both cohorts were on first-line ART. The prevalence of BMI ≥25kg/m 2 differs in different cohorts. 37 In terms of CHD risk, there were both expected and unexpected results; a reduction in TC levels in ART-experienced patients, but increase in TC for the ART-naïve group, over the course of follow-up. In terms of CHD risk, this suggests that even for patients who are not ART experienced, there were some atherogenic changes. On the other hand, HDL increased with time in ART-naïve patients and the increase correlated with reductions in SBP, BMI, and age. The results suggest that in spite of TC increase, there was concomitant HDL recovery, a desirable outcome in ART-naïve patients, which is correlated with low SBP, young age, and low BMI. This may be the evidence that early, improved care of ART -HIV patients could be one way to reduce CHD in our setting, as factors associated with HDL recovery are modifiable by lifestyle changes, hence early intervention might benefit the patients. TC/HDL ratio, an approximation of CHD risk, showed positive correlations with age, SBP, BMI, and duration of ART in ART-experienced patients. Framingham risk score increased over time in ART-positive patients, and the increase was positively associated with age, SBP, and TC/HDL ratio. 
171
CHD risk longitudinal study Increases in Framingham risk scores suggest an increased risk of CHD in ART + patients over time. Significant factors positively associated with this increase are, however, modifiable as patients can control weight, blood pressure, and blood lipids through exercise, diet, and smoking cessation.
Negative correlations between Framingham risk scores and high BMI and TC in ART-negative patients were an unexpected outcome and are in contrast to the general population experience. Interestingly, neither HDL nor LDL had any influence on Framingham risk score among the same ART − patient group. A cross-sectional study from Nigeria 37 reports that CHD risk factors such as low HDL, overweight, hypertension, and hypercholesterolemia were high, while the frequency of smoking was low, in agreement with our cohort, but differs from the Data collection on Adverse events of Anti-HIV Drugs (DAD) study and other studies performed in Western countries. [38] [39] [40] In contrast to our study, the Development of Antiretroviral Therapy (DART) study performed in females and treated with second-line ART (protease inhibitors) for 48 weeks showed persistently high lipid levels. 30 An increase in TC has been reported from several previous studies of HIV patients on first-line or second-line ART, 7, 36, 41, 42 hence the difference in our study requires further enquiry. In contrast to the current study, increases in HDL have been reported from many reports, and the change is most prominent in patients on NVP-based ART. 41, 43 A very low proportion of patients (2.5%, n=5) had high overall Framingham risk score >20% at baseline, 21 and this low frequency did not change much at follow-up (4.8%, n=7). This result agrees with a report from South Africa, 44 but results are lower than those from Ugandan males 45 and from developed countries, where ART is much more readily available. [46] [47] [48] Age, lipids, and high SBP are associated with increasing Framingham risk scores, suggesting that CHD risk and other noncommunicable diseases may become more important in our setting due to an aging HIV population on ART, unless efforts are made to contain modifiable risk factors, such as blood pressure, lipids, and BMI, as suggested by literature. 39, 49, 50 There was no evidence for association between MPO and CHD, though MPO increase was associated with LDL in ART-experienced patients and negatively correlated with BMI in ART-naïve patients, suggesting that inflammation is likely to be elevated in patients with elevated atherogenic LDL. An increase in TC with concomitant increase in HDL levels in ART-naïve patients is encouraging as HDL is protective against CHD. 51 Age, BMI, and SBP were negatively associated with an increase in HDL in this group, suggesting that diagnosing patients early and giving patients adequate support including control of weight and blood pressure could protect patients from the development of atherogenic lipids before starting ART. 52, 53 In ART-experienced patients, there was a decrease in TC, positively correlated with age and duration of ART, with no concomitant change in HDL, suggesting that an aging HIV population on ART is at risk of CHD through poor HDL recovery, and not an increase in TC. 51 Zimbabwe, other sub-Saharan African countries, and many developing countries do not involve lipid monitoring in HIV patients on ART in their current standard practices. 13 However, it is clear that identification and treatment of lipid abnormalities is important in HIV patients as lipids are modifiable cardiovascular risk factors. 13, 54, 55 It is clear that dyslipidemia in HIV-infected individuals is a complex condition, with multiple contributing factors including the HIV virus itself, individual genetic characteristics, and ART-induced metabolic changes. 56, 57 Given that longevity on ART has been improved making HIV a chronic manageable disease, there is a need for sub-Saharan country HIV programs to institute laboratory monitoring of lipids for patients. 58 No further evidence was provided for any association of changes in MPO and hsCRP with CHD risk measures, though there was an association between MPO and LDL. This is in contrast to reports from studies that have shown that MPO and hsCRP levels are significantly associated with the occurrence of CHD events among high-risk patients.
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Limitations
Attrition reduced power to detect changes in CHD risk profiles, while data on diet and physical activity were not collected. Data on smoking, family history of CHD, and type of ART were not included in the analysis due to low numbers of patients with the outcome of interest. 38 The low numbers of smokers were likely due to a large proportion of females in the cohort, but it may also likely to be due to underreporting of undesirable outcomes by participants as female smokers are viewed with disdain in our population. The study population consisted mainly of youth and females, which could have masked the true findings of the study, with regard to CHD risk in our setting. Subanalysis by ART exposure and by type of ART was made difficult by low numbers of ART-naïve patients and patients on efavirenz-, zidovudine-, or protease inhibitor-based therapy compared to those on NVP-based ART (Table 2) .
Strengths
Generalized least squares random-effects models are efficient models used to account for both between-subject and withinsubject effects in a longitudinal study. As patients had some missing data, random-effects modeling rather than general-ized linear modeling was the method of choice for detailed longitudinal analysis, as a way to preserve participants with missing data. At baseline, the participants were carefully randomly selected for participation and regularly monitored for adherence as reported earlier, 21 whereas high retention of participants at follow-up was one way to reduce type I error. There was improved information on patients' health as some baseline and follow-up CD4 cells and viral load values were available, compared to earlier reports, 19, 21 although some patients did not have this data.
Conclusion
Our main finding is that the risk of future CHD determined by Framingham risk scores is small, but increasing among ARTexperienced outpatients at a Zimbabwean HIV treatment clinic, though ART-naïve patients did not show similar increase. There is a need to monitor markers of CHD, such as lipids, together with blood pressure in HIV patients to avoid the convergence of HIV with CHD in an aging HIV population on ART. 
